Epithelioid granulomas with transmural inflammation are a characteristic histological feature in Crohn's disease (CD). However, these are not frequently detected by histopathological examination in the biopsy specimens. Here, we demonstrated unique structures with T-lymphocyte aggregates (TLAs) that were specifically found in ileal villi of CD. We characterized the histological and phenotypical features of these structures and assessed the diagnostic value of TLAs for CD.
INTRODUCTION
Crohn's disease (CD) is characterized by a chronic transmural, segmental inflammation in the GI tract. The important and characteristic findings for the diagnosis of CD are longitudinal ulcer and cobblestone appearance demonstrated by endoscopic or barium X ray examination. Also, noncaseating epithelioid granuloma and transmural inflammation is the histopathological characteristic feature of CD (1) . However, as transmural inflammation exists in the GI tract and these characteristic findings are localized beneath the submucosal layer, their demonstration is difficult by mucosal biopsy specimens, which provide a small sample of histopathological findings in only mucosa and submucosa. Moreover, epithelioid granuloma is not always detected, even when "deep cut sections" of biopsy specimens are carefully examined. Disturbed villous architecture, one of the characteristic histological features seen in biopsy specimens of CD, is present only in severely inflamed intestine (1) .
There have been a large number of studies that search for characteristic pathological features with diagnostic value for CD (1) (2) (3) . It has been reported that focal nonspecific inflammation is useful for the diagnosis in distal CD (1) . Lymphoid aggregates including isolated lymphoid follicles are frequently found in CD mucosa, and aphthoid erosion, one of the earliest findings in CD, is typically located over hyperplastic lymphoid follicles. Rectal biopsy can be a useful procedure in patients with suspected CD, including cases without typical radiological or endoscopic features (4 -6) . However, little attention has been given to lymphocyte aggregates in ileal villi of patients with CD. Furthermore, no studies have ever tried to assess the phenotypic features of these aggregates and to investigate the diagnostic value of lymphocyte aggregates.
The aim of this study was to analyze structures of lymphocyte aggregates that exist in ileal villi of patients with CD and to clarify immunohistochemical characteristics of these aggregates. Furthermore, we also assessed the diagnostic value of the aggregates in ileal villi for CD and their contribution to the pathogenesis of CD.
MATERIALS AND METHODS

Patients With CD
After informed consent was obtained from all patients, tissue samples were taken from the ileum and colon of 32 patients with Crohn's disease at surgery (18 patients) or biopsy (14 patients). Intestinal involvement of CD was as follows. The median age was 38.1 yr (range ϭ 22-54). Twenty-three of the 32 patients had the ileocolitis type; five, the ileitis type; and four, the colitis type. The median disease duration was 6.7 yr (range ϭ 2-19). The diagnosis of CD was based on clinical endoscopic, radiological, and histological findings. Disease activity was determined using the Crohn's Disease Activity Index and International Organization for the Study of Inflammatory Bowel Disease assessment. From 15 patients with CD, we obtained biopsy specimens from uninflamed esophagus, stomach, and duodenum when esophagogastroduodenoscopy was performed.
Patients With Ulcerative Colitis (UC), Intestinal
Tuberculosis, and Behçet's Disease Tissue specimens were obtained from the ileum and colon of 12 patients with UC. Two patients had inflamed ileal mucosa with "backwash ileitis." The other 10 patients had no abnormal findings in the ileum. The median age was 41.8 yr (range ϭ 20 -59). The median disease duration was 8.9 yr (range ϭ 2-23). The diagnosis was based on clinical, radiological, endoscopic, and histological findings.
Tissue specimens were also obtained from ilea of two patients with intestinal tuberculosis and four patients with intestinal Behçet's disease, which is a multisystem inflammatory disorder presenting recurrent genital ulcers in association with skin and ocular lesions and intestinal ulcers.
Normal Controls
As normal controls, apparently normal ileal mucosa samples were obtained from unaffected areas of 18 patients with colonic cancer who underwent ileocecal resection. Normal colonic mucosa samples were also obtained from unaffected areas of 12 patients with sigmoid or rectal cancer. The median age was 52.1 yr (range ϭ 47-68).
Antibodies (Abs) for Immunohistochemistry
Anti-CD3 monoclonal Ab (mAb) (UCHT-1), anti-CD4 mAb (RPA-T4), anti-CD8 mAb (RPA-T8), and anti-CD19 mAb (HIB19) were purchased from PharMingen (San Diego, CA). Anti-CD45RO mAb (UCHL1) and anti-CD68 mAb (PGM1) were purchased from Immunotech (Marseille, France). Anti-IL7R mAb (M29) was purchased from Genzyme (Cambridge, MA). Rabbit anti-CD117 (c-kit) polyclonal Ab was purchased from MBL (Nagoya, Japan). Affinity-purified goat anti-interleukin 18 polyclonal Ab was purchased from R&D Systems (Mineapolis, MN).
Immunohistochemistry
Mucosal samples that were obtained at surgery were each divided into 5-mm 2 pieces. We have made serial sections for all samples in this study. Specimens were placed in cold calcium and magnesium-free phosphate-buffered saline (CMF¢PBS, GIBCO-BRL, Gaithersburg, MD). They were then oriented, embedded in an ornithine carbonyltransferase compound, frozen, and stored at Ϫ80°C until staining. The method of immunohistochemical staining was described by Kanamori et al. (7) . The tissue sections that had been air dried and fixed in acetone for 10 min at room temperature were preincubated with Block-ace (Dainippon Pharmaceutical Co., Ltd., Osaka, Japan) for 10 min at 37°C to block nonspecific binding of the primary mAbs. The sections were then incubated with appropriately diluted primary Abs for 30 min at 37°C or overnight at 4°C, and rinsed three times with PBS, followed by incubation with biotinconjugated horse anti-mouse, rabbit, or goat IgG. Further, the sections were washed three times with PBS, and endogenous peroxidase activity was blocked with 0.3% H 2 O 2 and 0.1% NaN 3 in distilled water for 10 min at room temperature. The sections were washed three times with PBS and incubated with avidin-biotin peroxidase complex (ABCVectastain Kit, Vector Laboratories, Burlingame, CA). The histochemical color development was achieved by DAB (diamine-benzitidine, Vector Laboratories). The sections were counterstained with hematoxylin for microscopy.
RESULTS
Unique Structures With T-Lymphocyte Aggregates (TLAs) in the Ileal Villi of CD Patients
In ilea of CD patients we found unique structures that consisted of aggregated lymphocytes and were located in the lamina propria of villi (Figs. 1A-C). They were distinguishable from isolated lymphoid follicles or Peyer's patches because of their uniform distribution of lymphocytes. Immunohistochemical studies demonstrated that these were mainly composed of CD3ϩ T-cells ( Fig. 2A) but did not contain CD19ϩ B-cells (Fig. 2B) at all. Therefore, we designated these lymphocyte aggregates TLAs. Among 32 patients with CD, 21 (66%) had TLAs in ileal mucosa villi. TLAs were demonstrated in the resected ileal tissue specimens from 14 of 18 (78%) CD patients who received surgery and in the ileal biopsied specimens from seven of 14 patients (50%).
In contrast, TLAs were not seen in CD colonic mucosa under careful observation even in the resected specimens, although lymphoid follicles were detected on inflamed and noninflamed mucosa. We could not detect TLAs in biopsied specimens of the esophagus, stomach, and duodenum from 15 CD patients. Interestingly, we could never detect TLAs in ilea of 18 normal controls and in colons of 12 normal controls. Moreover, TLAs were not demonstrated in the ileal and colonic mucosa of patients with UC and other ileal inflammation with intestinal tuberculosis and intestinal Behçet's disease. Naturally, lymphoid follicles/Peyer's patches were detected in the ileal and colonic mucosae of normal controls or UC patients; however, aggregates with large numbers of lymphocytes packed in ileal villi (TLAs) were not seen in the specimens from normal controls and UC.
TLAs did not contain a germinal center or mantle zone. To distinguish TLAs from lymphoid follicles or Peyer's patches, we presented TLAs and isolated lymphoid follicles from a serial section (Figs. 3 and 4 ). TLAs were not on the edge of a follicle, as Figure 3 indicates. TLAs did not contain the follicles nor did they extend through the muscularis mucosa at any sections. This contrasted with the isolated lymphoid follicles containing germinal centers (Figs. 1D and 4) . When we analyzed 15 lymphoid aggregates suspecting TLAs in villi in patients with CD, 14 aggregates (93%) turned out to be TLAs, whereas only one aggregate was identified as a lymphoid follicle by serial section.
In the isolated lymphoid follicles of patients with CD, CD3ϩ T-cells were found in the perfollicular area (Fig. 2C ) and CD19ϩ lymphocytes (Fig. 2D) were packed in the germinal center. For further characterization of TLAs in ilea of CD patients, we assessed the cell surface markers of aggregated cells packed in TLAs using various kinds of antibodies. Both CD4ϩ and CD8ϩ T-cells were observed, but CD4ϩ T-cells dominated in TLAs (Figs. 5A and 5B). Many CD45ROϩ lymphocytes were present in TLAs (Fig.  5C ). CD68ϩ cells were observed in TLAs (Fig. 6A) . The Th1 cytokine, interleukin 18 (IL-18) protein, was strongly expressed in TLAs, as shown in Figure 6B .
We then investigated the possibility that TLAs were human cryptopatches equivalent to murine cryptopatches. As previously reported (7), the majority of mouse cryptopatch cells expressed IL-7R and the immature lymphocyte marker c-kit. Approximately 20% of IL-7Rϩ cells were expressed in TLAs (Fig. 7A) . No detectable c-kitϩ cells were demonstrated in TLAs (Fig. 7B ). Neither were c-kitϩ cells expressed in isolated lymphoid follicles or Peyer's patches (data not shown). In other sites of human GI mucosa, including the esophagus, stomach, duodenum, and colon, there were no clusters of c-kitϩ cells (data not shown).
Clinical Significance of TLAs
We then assessed the clinical significance of TLAs in CD patients. There was no significant correlation between the appearance of TLAs in the ileum and disease activity determined by the International Organization for the Study of Inflammatory Bowel Disease assessment and the Crohn's Disease Activity Index (Table 1) . We detected TLAs even in ilea of two of four CD patients (50%) whose affected lesions were limited to the colon. TLAs were detected not only in the mucosa with erosion, aphtha, and redness, but also in macroscopically normal ileal mucosa. Interestingly, TLAs were not frequently detected in CD patients with severe inflammation. In this study, epithelioid granulomas were detected in 19 of 32 patients with CD (60%), although histopathological examination of serial sections was done in all specimens (Table 2) . Furthermore, TLAs were detected in seven of 13 patients without granuloma (54%). Granulomas and/or TLAs were observed in 81% of the patients with CD (Table 2) . Interestingly, TLAs were identified in endoscopically normal mucosa of three of five patients without granuloma.
DISCUSSION
We have already demonstrated (8, 9 ) that IL-7 is produced by normal human intestinal mucosa and serves as a regulatory factor for proliferation of intestinal mucosal lymphocytes expressing functional IL-7 receptors. On the basis of these findings, Ishikawa et al. (7) have recently demonstrated the presence of novel lymphoid tissues designated as cryptopatches in the murine intestinal mucosa, where clusters of IL-7 receptorϩ c-kitϩThy-1ϩ lympho-hematopoietic progenitors develop in an IL-7-dependent fashion.
Transplantation of cryptopatch cells from nu/nu mice into SCID recipients generates small numbers of T-cell receptor ␥␦ cells in intraepithelial lymphocytes and mesenteric lymph node compartments (10) . Therefore, cryptopatches may be potential sources of extrathymic intraepithelial lymphocyte precursors. These structures are located in the lam- found the structures designated as TLAs in villi of ilea of patients with CD. TLAs could not be detected in normal control and UC intestinal mucosae. TLAs of patients with CD were only detected in the ileum, not in the jejunum and colon. Our results showed that c-kitϩ immature lymphocytes were not found in TLAs. These findings suggest that human TLAs are unique structures distinguished from murine cryptopatches. However, one potential problem in the analysis of human intestine is that we examined only adult tissues. Indeed, there is some evidence that extrathymic T-cell development may occur in fetal and neonatal human intestinal mucosae (11) (12) (13) . Further work on fetal and neonatal humans is warranted to determine whether human lymphoid tissues equivalent to murine cryptopatches are present or not.
TLAs did not contain a germinal center or mantle zone, in contrast to the isolated lymphoid follicles. However, it is difficult to judge whether lymphoid aggregates in villi are TLAs or the edge of Peyer's patches in a single section. Serial sections should be performed for confirmation, and then investigators can find that lymphoid aggregates at the edge of Peyer's patches were connected to a mantle zone and germinal centers in deeper sections. It would be necessary to do serial sections to discern them when investigators are not convinced as to whether the aggregates are TLAs or Peyer's patches. We have made serial sections for all samples in the present study to confirm our observation. Our results indicated that 93% of the aggregates in ileal villi turned out to be TLAs when lymphoid aggregates were analyzed by serial sections.
On the other hand, it may be possible to distinguish TLAs from the edge of Peyer's patches even at a single section when the population density of lymphocytes around lymphoid aggregates and their location are cautiously observed. TLAs were located within villi, and the density of lymphocytes around villi was not high at any single section.
Although immunohistochemical analysis of these aggregates in ileal villi of CD patients has never been performed, our results showed that T cells in TLAs were mainly CD4 cells, which were indicated as memory T-lymphocytes. CD19ϩ B-cells were not observed in TLAs. Moreover, cells positive for CD68 and IL-18, a pivotal cytokine for Th1 differentiation, were demonstrated in these aggregates.
The other important finding of the present study is that TLAs in CD mucosa may be helpful for the differential diagnosis of CD. We demonstrated that TLAs were detected only in ilea of patients with CD, not in the jejuna and colons of the same patients. Moreover, it was never detected in ilea and colons of normal control and UC patients. TLAs were demonstrated in 66% of CD cases and in over 80% of surgically resected ileal specimens with CD. Interestingly, TLAs could be detected even in the biopsy specimens. TLAs were found in more than half of patients in whom granulomas were not detected, even by precise histopathological examination. Especially, they were detected in three of five patients with CD in whom granuloma was not detected in the biopsy specimen. These results suggest that it might be easier to detect TLAs than granulomas in biopsy specimens because TLAs are localized in the mucosal layer. In contrast, granuloma extends from the mucosal layer to submucosal and muscularis propria, and it is not easy to find granuloma in biopsy specimens. Granulomas and/or TLAs were observed in 81% of the patients with CD. This incidence is similar to that of the study by Oberhuber et al. (14) , who observed granuloma and/or focally enhanced gastritis in 76% of Helicobacter pylori-negative patients with CD. The detection of TLAs is quite helpful for establishing a diagnosis of CD when we combine it with the detection of granulomas.
The pathophysiological role of TLAs in CD was uncertain. In a previous study (15) , we assessed the activated monocyte/macrophage in the affected mucosa as well as in the peripheral blood using flow cytometry and immunohistochemical analysis. In the inflamed mucosae of patients with CD, increased numbers of CD68ϩCD25ϩ or CD68ϩCD71ϩ activated macrophages were aggregated. In the present study, TLAs contained CD68ϩ macrophages, and the frequency of CD68 positive cells in TLAs was as great as that in the other mucosa. Recently, Pizarro et al. (16) and our group (17) showed that IL-18 protein, a new Th1 cytokine, produced by activated macrophages was highly expressed in the inflamed mucosa of CD. Interestingly, we showed in this study that IL-18 in TLAs was highly expressed relative to other sites of inflamed mucosa in CD. This result indicates that TLAs may be involved in the Th1-mediated immune response in CD. This concept may be supported by our finding that TLAs were observed even in normal mucosa of CD.
In conclusion, our results show that detection of TLAs is helpful for differentiating CD from other inflammatory intestinal diseases. Together with the result that TLAs are observed even in the normal ileal mucosa of the colonic type of CD, the present study suggests that TLAs contribute to the induction and maintenance of chronic intestinal inflammation in CD and that clarification of the functional role of TLAs in immune response may be a key to an understanding of the pathogenesis of CD. 
